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INTRODUCTION 

The  need  to  determine  the  quantity  and  nature  of  contaminants  in  fuels  and  lubricants  fre- 
quently arises.  The  elemental  composition  is  necessary  to  establish  origin  of  the  contaminant  or  the 
degree  ol  engine  wear.  This  aids  in  the  elimination  of  the  contamination  and  the  minimization  of 
catastrophic  engine  failures  which  might  occur. 


APPROACH 

A rapid  and  inexpensive  method  employing  an  energy  dispersive  X-ray  fluorescence  spectrome- 
ter has  been  developed.  An  advantage  of  energy  dispersive  X-ray  fluorescence  analysis  is  the  ability 
to  simultaneously  analyze  for  virtually  every  element  with  a Z number  greater  than  that  of  sodium. 
The  developed  method  requires  the  collection  of  the  particulates  on  filters  followed  by  X-ray  fluo- 
rescence analysis  of  these  filters.  The  decision  to  use  a filtration  technique  was  based  on  the  need  to 
minimize  various  factors  hindering  the  analysis  of  the  fuels  and  lubricants  on  an  “as  is’’  basis. 
These  factors  are: 

( 1 ) variable  matrix  effects  due  to  the  varying  physical  properties  of  the  fuels  and  lubricants; 

(2)  reduction  of  sensitivity  produced  by  X-ray  absorption  in  the  matrix; 

(3)  inter-element  effects  such  as  enhancement  and  absorption,  and 

(4)  self-absorption  effects. 

By  collecting  the  particulates  on  a filter,  thus  separating  the  analyte  from  the  fluid  matrix,  fluid 
matrix  effects  are  eliminated.  There  is  also  a significant  increase  in  sensitivity  because  the  particles 
are  concentrated  on  the  filter  surface,  free  of  the  absorption  effects  on  both  the  incident  and 
emitted  X-rays. 


EXPERIMENTAL 

When  the  method  was  first  developed,  a standard  47-min  membrane  filtration  apparatus  was 
used  w ith  filters  of  0.45  porosity.  By  exposing  a piece  of  photographic  film  to  the  X-ray  beam, 
we  determined  that  the  diameter  of  the  X-ray  beam  was  32  mm.  which  was  smaller  than  the  35-mm 
deposit  diameter  obtained  from  the  standard  filtration  apparatus.  Some  of  the  deposit  was  outside 
the  beam  and  not  being  analyzed.  A stainless-steel  funnel  for  the  filtration  apparatus  was  designed 
to  produce  a 25-mm  diameter  filter  deposit  which  was  totally  covered  by  the  X-ray  beam,  and  the 
sensitivity  was  increased  significantly. 

When  using  the  filtration  method,  other  factors  are  encountered  which  must  be  controlled. 
They  arc: 

(1 ) self-absorption  due  to  particle  size: 

(2)  self-absorption  due  to  the  thickness  of  the  layer  deposited,  and 

(3)  the  uniformity  of  deposit. 
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These  factors  have  a major  effect  on  the  precision  of  the  analysis.  If  the  particle  size  of  the 
particulates  is  greater  than  2 gm,  self-absorption  problems  will  occur.  In  such  cases,  the  sample  is 
filtered  or  centrifuged,  and  the  particulates  weighed.  The  particulates  are  then  hand  ground  to  a 
particle  size  less  than  2 gm.  A portion  of  the  ground  particulates  is  weighed  and  suspended  in  an 
appropriate  fluid.  An  aliquot  is  taken  and  filtered  for  analysis.  If  the  original  material  is  a solid 
sample  and  not  in  a fuel  or  lubricant,  it  may  be  ground  and  the  same  filter  deposition  procedure 
followed. 


When  the  deposit  on  the  filter  is  too  thick  or  is  nonuniformly  deposited,  self-absorption 
may  occur,  producing  erroneous  results.  To  control  the  deposit  thickness,  a volume  of  sample  is 
filtered  which  will  produce  a deposit  weighing  less  than  2 mg.  Nonuniformity  is  prevented  by  add- 
ing an  appropriate  solvent  such  as  water  or  heptane  to  the  funnel  before  addition  of  sample  in  order 
to  keep  the  particulate  material  suspended  until  filtration.  It  has  been  found  that  when  these  factors 
are  controlled,  inter-element  effects  become  negligible. 


STANDARDIZATION 

A unique  method  for  the  preparation  of  standard  materials  on  filters  for  calibration  of  the 
X-ray  spectrometer  has  been  developed.  The  materials  used  for  the  standard  filter  preparation  were 
water-insoluble  compounds.  When  standards  were  being  prepared,  compounds  were  selected  to 
minimize  interelement  effects.  Oxides  and  carbonates  were  chosen  wherever  possible.  An  example 
of  the  type  of  compound  used  is  CaCO^.  The  carbon  and  oxygen  of  the  carbonate  ion  are  low  Z 
elements  with  minimum  X-ray  absorption  properties  and  do  ndt  interfere  significantly. 

To  prepare  a standard,  the  material  must  be  thoroughly  ground  to  less  than  2 gin  so  that 
there  will  be  no  self-absorption  effect  due  to  particle  size.  The  solid  must  be  suspended  in  a suitable 
fluid  such  as  heptane  or,  preferably,  water.  For  the  suspension  of  the  solid,  an  appropriate  volume- 
tric flask  is  three-quarters  filled  with  the  fluid.  One  drop  of  wetting  agent,  such  as  Triton  X- 1 00,  is 
added  to  the  solvent  to  facilitate  dispersion  and  suspension  of  the  solid  material.  If  water  is  the  sol- 
vent, a drop  of  binding  agent,  such  as  a white  glue,  is  added  to  the  flask  to  prevent  the  material 
from  flaking  off  the  filter.  The  flask  is  placed  in  an  ultrasonic  cleaner  to  agitate  the  fluid.  The  solid 
material  is  added.  The  agitation  helps  in  dispersing  the  material  uniformly  throughout  the  fluid  and 
eliminates  agglomerates.  The  flask  is  filled  to  the  mark,  and  an  aliquot  taken  for  filtration.  The  fil- 
ter in  the  funnel  is  prewetted  and  covered  by  20  to  40  ml  of  the  same  type  fluid  into  which  the  sam- 
ple has  been  dispersed,  and  the  aliquot  is  added.  This  prevents  localized  spotting  on  the  filter  which 
would  produce  nommiform  deposits.  The  wet  filter  w ith  its  unrinsed  deposit  is  placed  in  an  oven  at 
approximately  1 (X)  C for  30  seconds  and  then  air  dried. 


RESULTS 

Fluorescent  X-ray  production  is  linearly  proportional  to  the  weight  of  element  up  to  0.10 
mg  of  element.  See  Figure  I . Above  0.10  mg.  some  deviation  from  linearity  is  observed.  Sec  Figure 
2.  The  sensitivity  of  the  analysis  is  in  the  microgram  range  with  a precision  of  about  3 to  5 percent. 
When  applied  to  fluids  analysis,  parts  per  million  to  parts  per  billion  sensitivities  are  possible,  de- 
pending on  the  amount  of  original  fluid  filtered.  A unique  and  powerful  technique  has  been  devel- 
oped lor  the  analysis  of  particulate  contaminants  in  fuels  and  lubricants.  A precise  and  accurate 


4 


FLUORESCENT  X-RAY  PRODUCTION,  CPS 
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FIGURE  1.  CALIBRATION  CURVES 
f FOR  TOO  ELEMENTS 


FIGURE  2.  CALIBRATION  CURVE  SHOWING 
DEVIATION  FROM  LINEARITY 


method  has  been  developed  for  the  preparation  of  standards  on  fine  porosity  filters.  This  methodo- 
logy has  been  successfully  applied  to  a large  number  of  samples  from  a wide  variety  of  sources.’ 1 ■ 

It  has  been  found  to  be  a very  capable  method. 


REFERENCES 

(1)  “Definition  of  Aviation  Turbine  Fuel  Contamination  Under  Simulated  Combat  Conditions,” 
John  Russell,  et  al..  Final  Report,  AFLRL  No.  90,  1977. 

(2)  Unpublished  analytical  data  of  more  than  2000  turbine  engine  oil  samples  from  engines;  performed  for 
AMRDL,  Fort  F.ustis,  Virginia. 
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FORT  BEl.VOIR  V A 22060 

COMMANDER 

| ATTN  ATSP-CD-MS  I 

US  ARMY  TRANS  SCHOOL 
FORT  F.USTIS  VA  23604 

COMMANDER 

I ATTN  ATSF-CD  I 

US  ARMY  FIELD  ARTILLERY  SCHOOL 
FORT  SILL  OK  73503 

COMMANDER 

I ATTN  ATSE-CDM  I 

US  ARMY  ENG SCHOOL 
FOR F BE1  VOIR  VA  22060 


DEPARTMENT  OF  THE  NAVY 

COMMANDER 

1 ATTN  CODE  30212  (MR  L STALLINGS)  1 

1 NAVAI  AIR  DEVELOPMENT CTR 

| WARMINSTER  PA  18974 

COMMANDER 
AT  TN  CODE  62(H) 

CODE  6180 

2 CODE  6170 (MR  H RAVNER) 

NAVAL  RES  LAB 
W ASHINGTON  DC  20390 


I 

I 

1 


No.  of 
Copies 


No.  of 
Copies 


DEPARTMENT  OF  THE  NAVY  (Cont'dl 


COMMANDER 

ATTN  CODE  PE-72  (MR  DORAZIO)  I 

CODE  PE-71  (L  MACiITTI) 

NAVAL  AIR  PROPULSION  CTR 
TREN  TON  NJ  08628 


SUPERINTENDENT 

ATTN  TECH  REPORTS  SECTION  I 

US  NAVAL  POST  GRADUATE  SCHOOL 
MONTEREY  CA  93940 

COMMANDER 

ATTN  CODE  6101 F (MR  R LAYNE)  1 

NAVAL  SHIP  ENG  CTR 
WASHINGTON  DC  20362 

COMMANDER 

US  NAVAL  CIVIL  ENG  L AB  1 

PORT  HUENEME  CA  93041 

COMMANDER 

ATTN  TECH  LIBRARY  1 

CODE  2830  (MR  G BOSMAJIAN)  I 

CODE  2831  | 


DAVID  TAYLOR  NAVAL  SHIP  R&D  CTR 
ANNAPOLIS  LAB 
ANNAPOLIS  MD  21402 


COMMANDANT 

ATTN  CODE  AX  1 

CODE  A04H  1 

LMM  (LTC  BEASON)  1 

DEPARTMENT  OF  THE  NAVY 
US  MARINE  CORPS 
WASHINGTON  DC  20380 

COMMANDER 

ATTN  CODE  10332  1 

NAVAL  FACILITIES  ENG  COMMAND 
TRANS  MAINTENANCE  MGMT  BRANCH 
WASHINGTON  DC  20390 

JOINT  OIL  ANALYSIS  PROGRAM— TECH 
SUPPORT CTR 

ATTN  CODE  360  (M  R R LEE)  I 

NAVAL  AIR  REWORK  FACILITIES 
PENSACOLA  FL  32508 

COMMANDER 

ATTN  CODE  92724  (MR  SENHOLZI)  1 

NAVAL  AIR  ENG  CTR 
NAVAL  AIR  STATION 
LAKEHURST  NJ  08733 

CHIEF  OF  NAVAL  RESEARCH 

ATTN  CODE  473  (DR  R MILLER)  1 

ARLINGTON  VA  22217 


DEPARTMENT  OF  THE  AIR  FORCE 


COMMANDER 

ATTN  AFML/MBT  I 

AFMI./MXE  1 

USAF  MATERIALS  LAB  (AFSC) 

WRT-PTRSN  AEBOH  45433 


COMMANDER 

ATTN  AFAPL/SFL  (MR  HOWARD  JONES)  I 

AFAPL/SFF  (MR  CHURCHILL)  I 

AIR  FORCE  AERO  PROPULSION  LAB 
WRT-PTRSN  AFB  OH  45433 


HEADQUARTERS 

ATTN  RDPDT  (MR  EAFFY)  I 

US  AIR  FORCE 
WASHINGTON  DC  20330 

COMMANDER 

ATTN  SAAMA(SAOQ)  I 

HEADQUARTERS 

SAN  ANTONIO  AIR  MA I I RIAL  AREA 
KELLY  AFB  TX  78241 


COMMANDER 

ATTN  SAALC/SFQ  I 

USAF  SAN  ANTONIO  AIR  l OC.ISTICSCTR 
KELLY  AFB  TX  78241 

COMMANDER 

ATTN  MMEAP  1 

USAF  WARNER  ROBINS  AIR  LOGISTICS  CTR 
ROBINS  AFB  GA  31098 


4 


1 


No.  ol 
Copies 


OTHER  GOVERNMENT  AGENCIES 


No.  of 
Copies 


US  DEPARTMENT  OF  TRANSPORTATION 
ATTN  AIRCRAFT  DESIGN  CRITERIA  BRANCH 
FEDERAL  AVIATION  ADMIN 
2100  2ND  ST  SW 
WASHINGTON  DC 20590 

US  DEPARTMEN  T OF  ENERGY 
D1V  OF  TRANS  ENERGY  CONSER V ATION 
ALTERNATIVE  FUELS  BRANCH 
20  MASSACHUSETTS  AVENUE 
WASHINGTON  DC  20545 


DIRECTOR 

NATl  MAINTENANCE  TECH  SUPPORT  CTR 
US  POSTAL  SERVICE 
NORMAN  OK  73069 

US  DEPARTMENT  OF  ENERGY 
BARTLESVILLE  ENERGY  RES  CTR 
BOX  1398 

BARTLESVILLE  OK  74003 

SCI  & TECH  INFO  FACILITY 

ATTN  NASA  REPRESENTATIVE  (SAK/DL) 

BOX  33 

COLLEGE  PARK  MD  20740 


